The diagnosis of cor pulmonale presents considerable difficulty in its earlier stages. Clinical symptoms are not available until the right heart fails and the only reliable sign is right ventricular hypertrophy, which is not easy to demonstrate. The purpose of this investigation is to evaluate electrocardiographic patterns of these patients as a more practical means of diagnosis. Sixty-seven patients with cor pulmonale are included in this study, which endeavors to point out degrees of correlation between various electrocardiographic patterns and clinical factors, such as stages of the disease, its severity, its etiology, and the anatomic changes of the right ventricle. It also evaluates the degrees of specificity of the various patterns encountered in these patients.
T HE clinical diagnosis of early right-sided heart disease presents greater difficulties than does that of its counterpart, left-sided heart disease. Once the full-blown pattern of venous engorgement, hepatic congestion, and peripheral edema dominates the clinical picture, no substantial difficulty is encountered in the recognition of right-sided decompensation. At this stage the clinician has practically no iieed for further laboratory or clinical tests; the physical signs suffice. However, without the clear-cut picture of congestive failure, and especially in borderline stages, or before the advent of early failure, it takes more than the clinical skill of the physician to establish the diagnosis of pulmonary heart disease. This difficulty is often compounded by the presence of the signs and symptoms of the chronic pulmonary disease itself, the etiologic factor responsible for the right-sided heart disease. In a great majority of cases chronic pulmonary disease is characterized by pulmonary emphysema or some form of pulmonary fibrosis. The third major cause of pulmonary heart disease, namely, the various forms of disease in the pulmonary vessels as described by Alack and Snider,' has no bearing on the subject of this paper and will not be discussed in detail.
Short of the stage of congestive failure it becomes almost impossible to determine clinically where chronic chest disease ends and right-sided heart disease begins, unless one can demonstrate hypertrophy of the right ventricle, From the Medical Service, Veterans Administration Hospital, Wilkes-Barre, Pa. 164 or abnormal pressure changes in the right side of the heart or in the pulmonary artery by means of cardiac catheterization. This latter means of diagnosis is not generally available except in larger medical centers and is not easily practicable. Therefore, methods of recognition of the early hypertrophy of the right ventricle remain the only practical means of establishing the advent of clinical right-sided heart disease. In the great majority of cases early recognition of right ventricular hypertrophy is uncertain. The only means are by radiologic or fluoroscopic methods and by electrocardiography. Radiographic determination of right ventricular hypertrophy poses considerable difficulty and requires special training and special technics. Of all the cardiac chambers, enlargement of the right ventricle is the most difficult to demonstrate roentgenologically.2 Obvious right ventricular enlargement demonstrable in a posteroanterior or oblique chest film is mostly due to dilatation of the chamber rather than actual hypertrophy alone of the wall of the right ventricle.2 By the time dilatation is demonstrable the right side has probably already failed or is in actual failure and, therefore, clinical signs of failure will have been in evidence to establish the diagnosis. In other words, demonstrable enlargement by radiologic means is probably not evidence of early pulmonary heart disease but of heart disease in progress or in failure.
In our opinion chronic chest disease may be in existence for long periods before the advent of right-sided heart disease, just as systemic PULMONARY HEART DISEASE hypertension may persist for years alone without any evidence of hypertensive heart disease. Actually pulmonary heart disease does not necessarily follow chronic pulmonary disease, just as hypertensive heart disease does not always follow systemic hypertension. It appears to us more logical to disregard the fine differentiation between pulmonary disease and pulmonary heart disease and to consider them together as comprising one "single diseasecomplex," beginning with pulmonary disease and ending in severe cor pulnmonale with cardiac failure. We offer the following simple functional classification of this disease-complex: I, sex-ere pulmonary disease and mild anoxia; II, severe pulmonary disease with anoxia plus right-sided heart disease without failure; III, chronic cot. pulmonale with cardiac failure. Stages I and II differ very little as far as cardiopulmonary function is concerned, the only difference being the advent of hypertrophy of the right ventricle in stage II. The symptoms manifested in stage II are the symptoms of the primary pulmonary disease, the early hypertrophy of the right ventricle causing no symptoms. We have not been impressed by substernal pain as a symptom in this stage. It is in stage III that one notes severe deterioration of the cardiopulmonary function and clinical evideiic(e of rightsided failure.
During the past, 3 years we have been particularly interested in the electrocardiographi( diagnosis of pulmonary heart disease as a more practical means of diagnosis. Located as we are in the heart of one of the main hard coal centers of the country, we have had the opportunity of seeing and studying a large number of cases of chronic pulmonary disease, especially anthracosilicosis, emphysema, and the often accompanying pulmonary heart disease. We have developed the study with the following questions in mind: 1 Incidencc of Polycythemia Secondary polycythemia was found in 9 of the cases studied. In each, a diagnosis of pulmonary emphysema had beeii made with or without one of the associated forms of chronic lung disease mentioned. In addition all of these cases showed signs of heart disease, and 7 \-ere in cardiac failure.
Electrocardiographic Findings
In geneial, the eleetrocardiographic patterns in the 67 patients conformed to those already described in the literature, and fell into 1 of 6 groups, as illustrated in figure 2. There was no correlation between the type of tracing and the underlying pulmonary disease. Among the 9 patients with polycythemia, however, 3 fell in group II and 4 in group III.
Group I ( fig. 2 , col. 1). This group was characterized by tall peaked P waves iii leads II, III, and aVF, and sometimes in the right chest leads, associated with marked clockwise rotation. It included 11 cases (16 per cent). Two of these cases also showed an r/S ratio exceeding 2 in lead V6. leaked P wsaves, however, were often associated with the other electrocardiographic patterns,, to be described. Also many of the cases of chronic pulmonary disease at this hospital showed the same 13-wave changes and clockwise rotation without associated heart disease. The rotation alone may account for the change in the P wN-ave. Table 1 indicates the frequency with which the various electrocardiographic patterns were associated with other evidences of heart disease.
This table reveals that of the 11 patients whose electrocardiograms showed only peaked P waves and marked clockwise rotation, 10 (91 per cent) exhibited signs of cardiac failure. The degree of failure as judged by the response to therapy for both the pulmonary and heart disease, was considered mild to moderate, and in no case weas it intractable.
Among the 18 cases in group II were 2 cases in which the diagnosis of cor pulmonale was based solely on this characteristic change in the presence of an acceptable etiologic factor. The other 16 all showed other evidences of heart disease, and in 14 (78 per cent) cardiac failure existed. This was mild to moderate in degree in 12 cases, but was intractable in the 2 others. On postmortem examination in 2 cases with mild cardiac failure clinically the right and left ventricles measured 8 and 1.3 mm. in one instance, and 7 and 12 mm. respectively, in the other. In a third case with no clinical evidence of heart disease the right ventricle wvas 5 mm. thick.
Among the 18 cases of incomplete right bundle-branch block were 2 in which the diagnosis of heart disease was based on the electrocardiogram and the presence of chronic pulmonary disease. There were 4 cases in which heart disease without cardiac failure was present, and 12 (67 per cent) with definite signs of cardiac failure. In 2 of these the tracing was consistent with the interpretation of co-existent right ventricular hypertrophy. To simplify the discussion of the findings in the 67 patients investigated, the groups with heart disease and cardiac failure, heart disease without failure, and no other evidence of heart disease, will be examined separately.
In all, there w ere 51 cases of cor pulmonale that showed varying degrees of heart failure. The electrocardiogram in 10 of these (20 per cent) showed only the clockw ise rotation and peaking of the P waves that extensive experience with chronic pulmonary disease and emphysema has demonstrated to be a very common change, even in the absence of heart disease. Like many others, wie are inclined to accept this type of tracing as indicative of change in electric axis, and in no way specific for cardiac disease. Nevertheless, these 10 patients had chronic cor pulmonale of sufficient severity to produce heart disease.
There was another group of 7 patients (14 per cent) in N hom the electrocardiograms varied from normal to T-wave abnormalities in leads overlying the left ventricle only, but in no instance showing changes even suggestive of right ventricular damage. Each of these patients was in heart failure, attributable, on the basis of presently accepted criteria, to chronic cor pulmonale. The only postmortem examination performed in this group confirmed this; and in the remaining 6 cases clinical investigation failed to suggest any other etiology.
Therefore, in 17 instances (34 per cent) of pulmonary heart disease sufficiently advanced to result in cardiac failure, the electrocardiogram was of no diagnostic assistance. Conversely stated, the absence of electrocardiographic patterns currently assumed to be characteristic of right ventricular disease does not eliminate such disease even in an advanced stage. It should be emphasized at this point that the very method of selection of these patients required the presence of signs of heart disease other than the electrocardiogram. Therefore, the perfect correlation between these nondiagnostic electrocardiograms and other evidence of cardiac involvement resulted from the method of selection, and should not be assumed to indicate any degree of specificity for the electrocardiographic patterns described.
Among the other patients in cardiac failure, there were 6 (12 per cent) whose tracings showed T-wave inversions over the right leads Vr1 through V3 or V4 accompanied by clockwise rotatiotI. In this situation, the T-wave abnormalities cannot be accepted as a merely normal variation -the so-called juvenile pattern. In half of these patients, the T-wave abnormalities were inconstant, suggesting that they appeared only during periods of increased right vent ricular "strain" secondary to a temporary change in the pulmonary disease. They would then not be indicative of chronic right ventricular damage. The 1 postmortem examination in this type of case, however, does not support this interpretation, since the right ventricle was hypertrophied. In the remaining 5 cases, the possibility of coronary artery disease producing the abnormal T waves cannot be excluded, but the usual supportive evidence for such a diagnosis was lacking in every instance. In this group of 6 patients, the electrocardiogram suggested the possibility of right-sided heart disease but could not be considered diagnostic, despite the fact that again the heart disease had advanced to the point of cardiac failure.
Although the pattern of right bundle-branch block may appear in otherwise normal individuals, its occurrence in the presence of chronic pulmonary disease is very strongly suggestive of cor pulmonale. Whether this change signifies hypertrophy, dilatation, or delayed conduction in the right ventricle will be discussed. Therefore, in the group of 14 patients (27.5 per cent) with cardiac failure, 12 with incomplete and 2 with complete right bundle-branch block, the electrocardiogram was consistent with a diagnosis of right-sided heart disease.
The pathognomonic pattern of right ventricular hypertrophy existed in an additional 14 The number of cases diagnosed as having chronic cor pulmonale without cardiac failure is considerably smaller than those with failure. This, in part, may be due to the recognized difficulty in making the clinical diagnosis in the early stages of right-sided heart disease. In the absence of postmortem examination and, for the purpose of the present investigation, excluding assistance from the electrocardiogram, the "early" diagnosis frequently depends on radiographic changes in heart size and configuration. Accentuation of the pulmonic second sound is indicative of pulmonary hypertension but this may be difficult to evaluate in patients with pulmonary emphysema in whom heart tones are often distant and muffled.
In each of the 8 cases with compensated heart disease the presence of right ventricular enlargement was confirmed by either x-ray or ne(ropsy examination. Table 1 indicates that in 1 of these the electrocardiogram showed only the nondiagnostic peaking of P waves and clockwise rotation; in 5 the complete or incomplete right, bundle-branch block consistent with right-sided heart disease in this type of patient; and in 2, the pathognomonic configuration of right, ventricular hypertrophy (R in V1). Therefore, in this group, the electrocardiogram furnished acceptable evidence of right ventricular involvemeit in 87 per cent of the cases. Among them were .3 cases without clinical or x-ray evidence of heart disease during life, but with definite right ventricular hypertrophy on postmortem examination.
The final group of 8 patients (table 1) includes those in whom a diagnosis of heart disease was based solely on the electrocardiogram. In 2 of these, the tracing was diagnostic, and in the remaining 6 it was consistent with cor pulmonale. Originally, this group also included the 3 patients mentioned above who, on the basis of autopsy findings, w-ere subsequently placed in the category of those with heart disease without failure. It is anticipated that continued observation of the remainder will e en lually disclose other evidence of heart disease besides the electrocardiogram. Nevertheless, since at present these 8 cases show only electrocardiographic changes, they are not included in the final statistical tabulation in the conclusions.
Review of the 7 autopsied cases from among the total of 67 patients investigated showed the anatomic presence of right ventricular hypertrophy in each. The electrocardiogram had been diagnostic of right ventricular hypertrophy in 3 and consistent with the diagnosis in 2. It had been merely suggestive in another, and actually misleading in the last, where it had denoted left ventricular disease. Hypertrophy of both ventricles was found at postmortem examination in this case.
PATHOLOGIC PHYSIOLOGY The process that terminates in pulmonary hypertension and right-sided failure may begin in several ways: (1) with rupture of interalveolar septa, loss of pulmonary capillary bed, and decreased distensibility of the pulmonary vascular circuit the usual picture in emphysema;
(2) with gradual obliteration of smaller p'ilmonary vessels by fibrosis secondary to pulmonary granulomata (a broad group including diffuse tuberculosis, sarcoid, silicosis, and beryllosis); (3) with disease in the vessels themselves resulting from such factors as pulmonary hypertension and arteriolar hypertrophy secondary to mitral stenosis of congenital cardiac lesions, multiple pulmonary emboli, carcinomatosis of the lungs, and other less common conditions. Whichever process is primary, the inability of the lung to clear itself of secretions leads to secondary infection and the production of both fibrosis and emphysema. The end result is therefore a composite of at least the first 2 of the above factors. Arterial anoxia results from diffusion defect secondary to fibrosis, as well as from failure to aerate vascularized portions of the lung involved in secondary infection and bronchiolar obstruction. Anoxia has been shown to produce a reflex rise in pulmonary artery pressure, presumably due to pulmonary arteriolar constriction.3 Factors contribvl+ing to pulmonary hypertension therefore include actual destruction of pulmonary vessels, compression of vessels by fibrous tissue, reflex vasoconstriction of the pulmonary arterioles, increased blood viscosity in instances of secondary polycythemia, and increased cardiac output (resulting from hypervolemia, the effect of anoxia on the chemoreceptors, and the stretching of myocardial fibers). Cardiac catheterization in this phase reveals an elevated systolic but normal end-diastolic pressure in a right ventricle, which has not yet failed and still empties completely; an elevated mean pulmonary artery pressure; and a normal ' wedge" pressure. In the next phase the right ventricle no longer empties completely; its filling pressure increases; blood is dammed back into the systemic veins and the clinical picture of right heart failure ensues, still (in anoxic, emphysematous patients) with a cardiac output above normal. Prior to the onset of failure, emphysematous patients increase cardiac output at the expense of a disproportionate rise in pulmonary artery pressure and the normal arterioven ous oxygen difference is maintained.4 It is not our purpose to present the experimental evidence that has been presented in other papers in support of this concept.3' 1-Of the factors mentioned, arterial anoxia is the one most consistently found in association with pulmonary hypertension and pulmonary heart disease ill cases of "emphysema heart"; it is of course not a factor at all in those patients with heart disease secondary to primary disease of the pulmonary vessels. The central position of anoxia has been emphasized by Cournand,3 Lewis and co-workers,5 Harvev et al.7 and Gelfand.8 Mack and Snider commented that "by the time arterial blood gas abnormalities become demonstrable (in chronic obstructive emphysema), chronic cor pulmonale may be assumed to be present." ' Patients in failure with cor pulmonale were found by Lewis' group to share many of the characteristics of other forms of heart disease in failure, as well as same basic differences. Similarities included increased arteriovenous oxygen difference and depressed renal function (diminished renal plasma flow and glomerular filtration rate). Lewis 50 per cent or fewer of the patients fulfilled the absolute electrocardiographic criteria for right ventricular hypertrophy. The diagnosis of pulmonary heart disease may be made more frequently if the criteria are expanded to include patients with right bundle-branch block (complete or incomplete) and significant T-wave abnormalities over the right chest, in the presence of advanced chronic pulmonary disease. The occasional patient with a combination of chronic pulmonary disease and some other unrelated type of heart disease, may be misdiagnosed on this basis, but the over-all accuracy of the diagnosis in a large series of patients will be greatly improved.
SUMMARY AND CONCLUSIONS
Sixty-seven patients with pulmonary heart disease were investigated in this study. Of these, 59 were found to be suitable for statistical analysis from which the following conclusions are drawn:
In about 30 per cent of the cases of pulmonary heart disease the electrocardiogram alone is not diagnostic; in about 27 per cent the elec-trocardiogram alone is pathognomonic of right ventricular hypertrophy; ini about 42 per cent it is only suggestive, hut in the presence of an appropriate pulmonary disease, it becomes strongly suggestive. Clinical pulmonary heart disease of even advance A degree may be present with no more than mild nonspecific electrocardiographic changes and, conversely, pathognomonic electrocardiographic changes may appear in the presence of only mild clinical pulmonary heart disease.
On the basis of postmortem observations in 7 patients, the degree of hypertrophy of the right ventricle correlates well w-ith the electrocardiographic patterns of right ventricular hypertrophy and incomplete right bundlebranch block. But there is no definite correlation betw-een the thickness of the right ventricle and the clinical severity of the pulmonary heart disease.
If complete or incomplete right bundlebranch block, and significant T-wave abnormalities over the right chest leads are considered diagnostic in the presence of an acceptable etiologic factor, then the electrocardiogram might be considered fairly diagnostic in about 69 per cent of cases of pulmonary heart disease. If currently acceptable electrocardiographic criteria are to be chiefly relied upon for the diagnosis of pulmonary heart disease, even in the presence of an acceptable etiologic factor, this diagnosis may be missed in about 31 per cent of cases. For the satisfactory diagnosis of pulmonary heart disease, a combination of clinical, radiologic, and electrocardiographic evidence is necessary in the majority of cases.
